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(54) SYNTHESIS OF ESTER 

(57)Abstract: 

PROBLEM TO BE SOLVED: To efficiently obtain a lower aliphatic ester by stabilizing a catalyst 
used on the reaction. 

SOLUTION: A lower olefin is reacted with a saturated lower aliphatic monocarboxylic acid in the 
presence of a heterogeneous polyacid catalyst in a gas phase to produce a lower fatty acid 
ester. Therein, water in an amount of preferably 1~7mol.% based on the total amount of the 
olefin, the aliphatic monocarboxylic acid and water is added to the reaction mixture of stabilize 
the catalyst, thereby improving the efficiency of the reaction. The heterogeneous polyacid 
catalyst is preferably an extract or pellet form silicic carrier derived from fumed silica obtained 
by the flame hydrolysis of SiCI4. The presence of the water on the reaction reduces the 
formation of undesired by-products. 
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177 


177 


177 


177 


H?0<g/Lcat/h) 


8 


8 


8 


S 


(ft£#§&B51ii [J/GH5Vi(secs) 


4 


4 


4 


4 


C2H4/HAC/ HiO ;i- % it 


92,3/6,7/1,0 


92*3/6.7/1.0 


92.3/6.7/1.0 


92.3/6.7/1.0 


C'JHLl/HAC/Htf) Mt%it 


86/13,4/0.6 


86/13.4/0.6 


86/13.4/0.6 


86/13.4/0.6 




13.7 


13.7 


13.7 


13.7 









&M**#6 






5,3 


3.9 


4.1 


6.0 




71 


64 


60 


54 


isRftjfiJRtt (££%) 

EtAjc 
EtOH . 
DEE 

flfc 


95.9 
0.7 
2.3 
0.0 
0.8 
0.3 


97.2 
0.6 
1.8 
0.0 
03 
0.1 


97.8 
0.5 
1.3 
0.0 
0.3 
0.0 


98.1 
0.6 
1.0 
0.0 

0.2 
0.0 


EtAc 1R^ 


68 


63 


59 


53 


EtAjc STY (g/Lcat/k) 


194 


183 


164 


148 


mm* (^^%) 


100 


199 


100 


97 


mi ^ 


94 


89 


93 


88 




100 


99 


99 


96 


EWc ( X ) 


53 


56 


62 


65 



[0 0 4 0] [SE4] 



-8- 



(9) #M¥ 9 - 1 1 8 6 4 7 

15 16 

m4 



aitifeff ; { i *n>%®*iZ7 h - y tiasan) mutt ; 











HOS 


14.75-17.5 


J 8.3-4 




3i£J8M]g£ (°c> 

Bed (T/M/B) 


179 5/189/182 8 


180 

179 6/187 5/182 9 


180 

179.4/186.5/182.8 


ifc77 (K.pa) 


JWV 


JUvv 


1000 


£ 7 -f — KGHS V/h m STP) 


981 




981 


CtfUGHSV/li 


905 


90S j 


905 


HAC GHSV/h 


66 


66 


66 


H7O GHSV/h 


10 


10 


10 


C?Hd fe/Lcat/b) 


1131 


1131 


1131 


HAC (e/Lcat/h) 


177 


177 


177 


H2O (g/Lcal/h) 


8 


8 


8 




4 


4 


4 


c*H4/kac/ H20 


92.3/6,7/1.0 


92.3/6.7/1.0 


92.3/6,7/1,0 


C2H4/KAC/H20 MM%Jt 


85,9/13.5/0.6 


85.9/13.5/0.6 


85.9/13.5/0.6 


C2H4/HAC^96Jt 


13.7 


13.7 


13.7 













7.3 


3.9 


23 


HAC 


81 


77 


75 










EtAc 


92.7 


95.2 


96.0 


EtOH 


0,8 


0.7 


0.7 


DEE 


3.8 


2.8 


2.2 




0.0 


0.0 


0.0 


# y rf v- 


1.6 


0.9 


0.8 


ft 


1.1 


as 


0.3 


EtAc JK^ 


75 


73 


72 


EtAc STY (g/Lcat/h) 


213 


211 


201 




100 


102 


103 


&mmm 


99 


96 


98 




100 


102 


103 


mm*. (%) 


45 


43 


51 



[0 0 4 1] 30 im 5 ] 



-9- 



(10) #H3¥9 - 1 1 8 6 4 7 

17 18 

m.5 





s£ra«^l 1 


|JLW»^ 1 2 


1 3 


HOS 


90.5-95.5 


134.5-137.5 


158.5-161.5 


jS/8&& (°C} 


180 


1 en 

1, /y.O/lao, j/ lOJ,* 


ISA 

loU | 
1*70 C/1« I 


BLi3 (Kpa) 


1000 


1000 


1000 


£7 -f — FGHSV/h (® STP) 


975 


975 


975 


CiH4 GHSV/h 


866 


866 


866 


HAC GHSV/h 


61 


61 


61 


H2O GHSV/h 


4$ 


48 


48 




1083 


1083 


1083 


HAC (fc/Lcai/h) 


164 


164 


164 


H2O (g/Lcat/h) 


38 


38 


38 


MHHMM (l/GHSVICsecs) 


4 


4 


4 


C2H4/KAC/H2O *;l/%Jt 


88.8/6.3/4.9 


88.8/6.3/4.9 


88.8/6.3/4.9 


Cj.Hd/HAOH^O m&%& 


84.2/12.8/3 


84.2/12.8/3 


84.2/12.8/3 




14.2 


14.2 


14.2 





ttitwi 1 


2 






4.4 


4.0 


4.3 


HAC 


68 


72 


72 










EtAc 


85.2 


82.9 


82.0 


EtOH 


3.7 


3,7 


3.9 


DEE 


1Q.5 


13.0 


13.6 




0.0 


0.0 


0.0 




0.6 


0.4 


0.5 




0.01 


0.02 


0.07 


EtAc 


58 


60 


59 


EtAc STY fo/Lcatrtfl 


203 


215 


210 




102 


103 


103 




87 


87 


89 




101 


102 


102 


ISO* (%) 


43 


39 


42 



[0 0 4 2] 30 [3c 6 ] 



-10- 



(11) IfHf 9- 1 1 8 6 4 7 

19 20 





SBft##14 




mm* e 


HOS 


16-19 


40-43 


112.5-115.5 


jfiffiMg (°C) 
Bed (T/M/B) 


180 

179.1/191/183,2 


180 

179,1/190.5/183,5 


180 

I79.2/190/I83.8 




1000 


1000 


1000 


£:7 * — FGHSV/li (® STP) 


980 


980 


980 


C7H4 GHSWh 


866 


866 


866 


HACGHSV/h 


64 


64 


64 


H?X> GHSV/b 


50 


50 


50 


C2H4 fts/Lcat/h) 


1083 


1083 


1083 


HACte/Lcat/h) 


170 


170 


no 


H2O (g/Lcat/h) 


40 


40 


40 


ftftttflMOl |i/GHSVl( S ec S ) 


4 


4 


4 


C2H4/H ac/ h^o ^e;v%it 


88.4/6.5/5.1 


88.4/6.5/5.1 


92.3/6.7/1.0 


C9H4/HAC/H20 m&xtt 


83.7/13.2/3.1 


83.7/13.2/3.1 


86/13.4/0.6 


C2H4^AC^^V%ft 


13.6 


13.6 


13.6 









straw 1 e 




6.6 


7.6 


6.3 


HAC 


86 


85 


S3 


Et Ac 


73.4 


74.0 


73.2 


EtOH 


3.7 


3.7 


3.5 


DEE 


22.0 


21.5 


22.9 




0.0 


0.0 


0.0 




0.6 


0.7 


0,5 




0.2 


0.1 


0.0 


EtAc 'JRa£ 


63 


63 


60 


Et Ac STY (g/Lcat/h) 


219 


221 


224 




106 


104 


105 




103 


101 


95 




105 


104 


104 




40 


40 


36 



[0 0 4 3] 



30 im 7 ] 



(12) W¥9- 1 1 8 6 4 7 

21 22 







8 


issfriHy 1 9 


HOS 


160.5-163.5 


208.5-211.5 


285.5-288.5 








180 


ISO 


180 


Bed (T/WB) 


179.2/190/184.1 


179.3/190/184.3 


179.3/190/184.2 


JE^7 (Kpa) 


1000 


1000 


1000 


^ 7 -r — Fghs v/u «& stp) 


980 


980 


980 


C^Ha GHSWh 


866 


866 


866 


HACGHSV/h 


64 


64 


64 


HiO GHSV/h 


50 


50 


50 


C2H4 (g/Lcat/h) 


1083 


1083 


1083 


HAC <g/Lcat/h) 


170 


170 


170 


H^O te/Lcat/h) 


40 


40 


40 


#f&8fc«$i!B fl/GHSVKsecs) 


4 


4 


4 ! 


C2H4/HAC/ H20 ^e;v%j± 


88.4/6.5/5.1 


88.4/6.5/5.1 


88.476.5/5.1 


C2H4/HAC/H5O Mfc%ifc 


83.7/13.2/3.1 


83.7/13.2/3. L 


83.7/13.2/3.1 


c?K4/hac ^;v%it 


13.6 


13.6 


13.6 





t*i*#^l 7 








8.8 


8.7 


8.4 


HAC 


85 


86 


88 j 


EtAc 


73.2 


73.0 


73.7 


EtOH 


3.6 


3.9 


3.7 


DEE 


22.6 


22.6 


22.1 




0.0 


0.0 


0.0 


y 


0.5 


0.5 


0.5 




0.1 


0.1 


0.1 


EtAc JR* 


62 


63 


65 


EtAc STY (s/Lcat/h) 


217 


217 


225 




104 


104 


104 




103 


103 


103 




103 


104 


104 


®JC&k (%) 


40 


41 


38 



[0 0 4 4] 30 [m 8 ] 



-12- 



(13) Sif9- 1 1 8 6 4 7 

23 24 







SC»S^2 1* 




HOS 


375,5-378.5 


448. 5-45 1.5 


47Z.5-475.5 








ISA 
low 


180 


IKlf 


Bed (T/M/B) 




1 if ICO. J/ J.5J 




J£A (Kpa) 


1000 


1000 


1000 


£7 «f — F GHSV/h (@ STP) 


980 


1001 


1001 


C2H4 GHSV/h 


866 


866 


Sod 


HAC GHSV/h 


64 


64 


64 


H2O GHSV/h 


50 


50 


so 


DEE GHSV/h 


0 


2L 


21 


C2H4 (g/Lcat/h) 


1083 


10S3 


2083 


HAC (g/Lcat/h) 


170 


170 


170 


H2O Cg/Lcat/h) 


^ 40 


40 


40 


DEE g/Lcat/h) 


0 


71 


71 


mammsm h/ghsvhs**) 


i 3.7 


3.6 


3.6 


C2H4/HAC/ H^O/DEE ^ ;i/ % Jt 


88.4/6.5/5.1$ 


86.5/6.4/5/2.1 


86.5/6.4/5/2.1 


C2H4/HAC/ H7O/DEE fig%lt 


83.7/13.2/3.1$ 


79.4/12.5/2.9/5.2 


79.4/12.5/2.9/5.2 




13.6 


13.6 


13.6 





Sttft#"52 0 


imttz 1 






8.7 


2.7 


2.4 


HAC ^Ife 


85 


81 


80 










EtAc 


74.1 


71.9 


70.8 


EtOH 


3.6 


5.0 


5.4 


DEE 


21.6 


22.9 


23.3 




0.0 


0,0 


0.0 




0.5 


0.2 


0.5 


m 


0.1 


0.0 


0.0 


EtAc IK* 


63 


59 


57 


EtAc STY (g/Lcat/h) 


226 


226 


222 


JtffiW (*^%) 


103 


105 


105 




98 


101 


98 




102 


105 


104 


UK* {%) 


38 


60 


63 



[0 0 4 5] 



[369] 



-13~ 



(14) *W 3 F9- 1 1 8 6 4 7 

25 26 







K»it2 4 | 


HOS 


479,5-500.5 


544.5-547.5 


(*C) 


ISO 


180 


Bed (T/M/B) 


179.3/186.5/183.4 


179.4/187/183.4 


JE# (Kpa) 


1000 


1000 


^7 ^ - k GHS V/h (@ STP) 


1001 


1001 


C2H4 GHSV/h 


866 


866 


HAC GHSV/h 


64 


64 


H2O GHSV/h 


50 


50 


DEE GHSV/h 


21 


21 


C2H4 te/Lcat/h) 


1083 


1083 


HAC Cg/Lcat/h) 


170 


170 


H2O (g/Lcat/h) 


40 


40 


DEE (g/Lcat/h) 


71 


71 


ftttttMRIB) ri/GHSVlCsecs) 


3.6 


3.6 


C2H4/HAC/ H2O/DEE 


86.5/6.4/5/2.1 


86.5/6.4/5/2.1 


C2H4/HAC/ H2O/DEE 


79.4/12.5/2.9/5.2 


79.4/12.5/2.9/5.2 


C2H4/HAC^it 


13.6 


13.6 







3£&#^2 4 




1.4 


13 1 


hac mm 


84 


82 








EtAc 


70.6 


71.1 


ElOH 


5.1 


5.2 


DEE 


23.9 


23.5 




0.0 


0.0 


* 'J =TT— 


0.3 


0.3 ! 


ft 


0.0 


0.0 


EtAc 


59 


58 


EtAc STY fe/Lcat/h) 


226 


224 




107 


106 




103 


99 




106 


105 




1 61 


63 



[0 0 4 6] K10] 



-14- 



27 



(15) 

mi o 



W M¥ 9-118647 



25 









GCMS 

180°C, 1000 Kpa (10 bars), &V>/Wm= 1 4 








7 


17 


23 




1 | 


5 


5 (+2% 
DEE) 




52.3 


21.2 


16.3 




46.5 


67.3 


69 




0.05 


3 


3.3 




0.65 


7.8 


11 




0.002 


0.04 


0.009 




0.0015 


0 


0 




0.0055 


0 


0 




0.0065 


0 


0 




0.045 


0 


0 




0.11 


0.01 


0 


: fife (K j fb**d3Atf^^r^'fb^*) 



[0 0 4 7]* 

mmm^ : 

ftftgjU. 12-? >?*X Vmmi Hs PW12O40 • 24H 

2 o] ( 1 7 5 g) s^§7jc (2 5 omi) izmmL 

tzo ffl&'J^A [Li NOa - 2H2 0] (0. 65 
2 g) (-5ml) 

TAJ fcj&ftLfco 

[0 0 4 8] TAJ -*< U v \ it Ltz *s V *ffi# 
(^-X13 7 1fiK, l~3mnK 9 9. 5g, WR 

^^f>»Lt, ->u 5&u? bJ*®tl»» 

Ttc ioamogjift, ^#J<o taj »ttf*>n 

fR^»K*-e*Ii6(i 1 5 0"Ct?3BfKS!:^U #;V»T?2 

o ot:i-±»fT5^iBioauEt«J*ufc«, 

4. 4g, IEl*cOfiSS*#(i 6 4 . 9gT*D, 
5 5 g/IOjtffiUfBSi-^Li o.i H2.9 PW12O40* 



20 * • 24H 2 O/Si O2 £*L*: 0 

[0 0 4 91 Mflt5. KtLfcVU*fflflt (? 

U-X13 7im l~3mm, 7 0 g , WR ?' X 
ttS) 12-?>?*^bSK [H4 Si Wi 2 O40-26 
H2O] (6 5. 5 3 g) <0^§7]C}#?£ (2 5 0ml) 4* 
i:, 2 4f Ki:iot^a»L4#^tLt> 5"; 

[0 0 5 0] jS*JO?>?*^ MSI«S-f f * 

L> ft#S-**f±8 6. 2 g, IEi*tf>||M*ft*f»± 1 6. 2 
gT**K ^o9 2g/IOMi:fflit^SH4 Si W 
12O40 - 26H2 O/Si O2 £*L£o 

[0051] ±izommim^r. tmk<n^. 

0 X-Jb-ofz : 
[0 0 5 2] 

mi 1] 





mm 4 


fc*&5 


fcM (cm 3 ) 


25 


25 


St (8) 


15.5 


11.2-11.4 


^Vy h (mm) 


1-2 


1-2 (Table 11) & 

0.5-1 (Tables 12 7 13 and 14) 




8.5 


8.75 



[0 0 5 3 ] 



Rl 2] 



-15- 



(16) tern 1 ? 9- 1 1 8 6 4 7 

29 30 

mi 2 

(MJ«4-1 5.5g) 











HOS 


1-3 


19-21 


25-27 


*jb«& (°c) 


170 


170 


170 


Bed (T/M/B) 


173.5/-/170.5 


172/-/169 


172/-/169 


(Kpa) 


1000 


1000 


1000 


±7 4 - K GHSV/h ({& STP) 


979 


979 


979 


C2H4 OHSV/h 


905 


905 


905 


HAC GHSV/h 


65 


65 


65 


H 2 0 GHSV/h 


9 


9 


9 


C2H4 (^/Lcat/h) 


1131 


1131 


1131 


HAC (g/Lcat/h) 


173 


173 


173 


H 2 0 fe/Lcat/h) 


S 


8 


$ 


M^ttlW [ i/GHSVlfsecs) 


4 


4 


4 


C2H4/HAC/H 2 0 ^V%Jt 


92.4/6.6/1.0 


92.4/6.6/LO 


92,4/6.6/1.0 


C 2 WHAC/ H 2 0 £1% it 


86.2/13.2/0.6 


86.2/13.2/0.6 


86.2/13.2/0.6 


C2H4/HAC ^Mfc 


14.0 


14.0 


14.0 









8*992 7 


HAC g& 


51 


47 


45 










EtAc 


89.7 


98.0 


97.7 


EtOH 


0.5 


0.5 


0.4 


DEE 


0.9 


0.7 


1.0 




0.0 


0.0 


0.0 




7.0 


0.4 


0.7 




1.90 


0.49 


0.26 


EtAc Jfc* 


45 


46 


44 


EtAc STY (g/Lcat/h) 


128 


122 


118 




102 


102 


105 




86 


89 


100 




101 


101 


104 


Ufc* (%) 


90 


70 


81 



[0 0 5 4] 1*13] 



-16- 



(17) #HJ¥9- 1 1 8 6 4 7 

31 32 

m.i 3 

mm-i i.3g) 





i»#-^2 8 




&tt«#3 0 


HOS 


1-2 


17-20 


21-24 












170 


170 


170 


Bed (J/WB) 


176/-/174 


173/-/170 


173/V170 


E£ (Kpa) 


1000 


10W 


1000 


±7 4 - \* GHSV/h m STP) 


980 


980 


980 


CafiU GHSV/h 


905 


905 


905 


HAC GHSV/h 


66 


66 


66 


HaO GHSV/h 


9 


9 


9 


C 2 H4 (g/Lcat/h) 


1131 


1131 


1131 


HAC fe/Lcat/h) 


177 


177 


177 


H 2 0 (ftOxat/h) 


3 


8 


S 


&fc&ttlSfS fl/GHSV]Csecs) 


4 


4 


4 


C1H4/HAC/ H^O *6M61fc 


92.3/6.7/1.0 


92.3/6.7/1.0 


92.4/6.6/1.0 


c 2 H4/hac/h 2 o ma%i£ 


85.9/13.5/0.6 


85,9/13.5/0.6 


86.2/13.2/0.6 


C 2 H^HAC ^*Jt 


13.7 


13.7 


13.7 










KM»3 0 


HAC && 


62 


66 


64 










EtAc 


86.0 


97.3 


97.6 


EtOH 


2.4 


0.4 


0.4 


DEE 


3.3 


1.8 


1.4 




0.0 


0.0 


0.0 




2.4 


0.3 


0.6 




5.9 


0.1 


0.1 


EtAc JR* 


53 


65 


62 


EtAc STY (e/Lcat/h) 


151 


180 


171 




101 


104 


105 




98 


95 


99 




101 


103 


105 




70 


69 


67 



[0 0 5 5] 



[«H] 



-17- 



(18) »ffl¥9- 1 1 8 6 4 7 

33 34 

mi 4 

MSK5-1 1. 2g) 





i*S*&#3 1 


BMP? 3 2 


3 3 


HOS 


19,25-22.5 


23-26 


43.25-46.25 


(°C) 










170 


170 


180 


Bed (T/MZB) 


172.5/176/- 


172.5/175.5/- 


182/187/- 


EE* (Kpa) 


1000 


1000 


1000 


*f - K GHSV/h m STP) 


980 


980 


980 


C 2 H4 GHSV/h 


905 


905 


905 


HAC GHSV/h 


66 


66 


66 


H 2 0 GHSV/h 


9 


9 


9 


fe/Lcat/h) 


1131 


1131 


1131 


HAC (g/Lcat/h) 


177 


177 


177 


H 2 0 fg/Lcat/h) 


8 


8 


8 


(ftfc&ftBSfi fl/GHSVKsecs) 


4 


4 


4 


QtRj/HAC/H^O ^%ifc 


92.3/6.7/1.0 


92.3/6.7/1.0 


92.3/6.7/1.0 


CalVHAC/ H 2 0 mS%lt 


86/13.4/0.6 


86/13.4/0.6 


86/13.4/0.6 




13.7 


13.7 


13.7 


flHHMMF 4 (Oft*) : 






MM* 3 2 




HAC g& 


72 


72 


82 


£tftttiftM£ <£fi%> 








EtAc 


96.0 


94.4 


94.9 


EtOH 


0.5 


0.5 


0.7 


DEE 


2.9 


2.7 


3.3 




0.0 


0.0 


0.0 




0.4 


1.6 


0.7 


ft 


0.2 


0.7 


0.3 


EtAc 


69 


68 


78 


EtAc STY (g/Lcat/h) 


203 


194 


210 




101 


103 


108 




91 


97 


104 




100 


103 


108 


BUR* (%) 


47 


48 


48 



[0 0 5 6] [«15] 



-18- 



(19) 

35 

mms-i i . 2s) 







l£S«^3 5 




HOS 


47-50 


67.25-70.25 


71-74 


(°C) 










180 


190 


190 


Bed <T/M/B) 


181.5/186.5/- 


191.5/196/- 


191.5/195.5/- 


&fi (Kpa) 


1000 


1000 


1000 


±7 4 - F GHSV/h {@ STP) 


980 


980 


980 ; 


C 2 H4 GHSV/h 


905 


905 


905 


HAC GHSV/h 


66 


66 


66 ! 


H 2 0 GHSV/h 


9 


9 


9 I 


C 2 H^ (g/Lcat/h) 


1131 


1131 


1131 \ 


HAC (gtf-cat/h) 


177 


177 


111 


HiO fe/Lcat/h) 


S 


8 


8 


<Ktmm [l/GHSV](secs> 


4 


4 


4 


C 2 H 4 J r HAC/H 2 0 ^;i/%it 


92.3/6.7/1.0 


92.3/6.7/1.0 


92.3/6.7/1.0 


C2H4/HAC/H 2 0 SSKft 


86/13.4/0.6 


86/13.4/0.6 


86/13.4/0.6 


C 2 H4/HAC 


13.7 


13.7 


13.7 








3 5 




HAC«£Jfe 


79 


74 


72 


3J^3SIR& (SAX) 








EtAc 


95.2 


94.7 


94.9 


EtOH 


0.7 


0.7 


0.7 


DEE 


3.2 


2.8 


2.2 




0.0 


0.0 


0,0 




0.6 


1.4 


1.3 




0.2 


0.3 


0.8 


EtAc IK^ 


75 


70 


68 


EtAc STY (gOxat/h) 


206 


202 


191 




105 


102 


104 


K^gp (^%) 


102 


94 


99 




105 


102 


104 


SJKtK (%) 


47 


52 


54 



#BB¥9- 1 1 8 6 4 7 

36 



[0 0 5 7] 



[*1 61 



-19- 



(20) #W¥9- 1 1 8 6 4 7 

37 38 

mi 6 

mms-i i.4s) 



1 


1£S*#^3 7 






HOS 


19-22 


44-47 


68.75-71.75 


£ffliB£ (*C) 








180 






ISO 


180 




BedOVM/B) 




18L5/186/lS2f 


IM.5U35/182 


181.3/(84.5/181.2 


BEii (Kpa) 


1000 


1000 


1000 


£7 < - F GHSV/h STP) 


980 


980 


980 


C1H4 GHSV/h 


905 


905 


905 


HAC GHSV/h 


66 


66 


66 


H 2 0 GHSV/h 


9 


9 


9 




1131 


1111 
iiji 


1131 


HAC f R/Lcat/h) 


177 


1 / / 


177 


HjO (p/Lcat/h) 


8 


0 
0 


8 






4 


4 


4 




fl/GHSV}(secs) 












C 2 H4/HAC/H 2 0 %*XJt 


92.3/6.7/L0 


y2.i/o.7/l.u 


92.3/6.7/1.0 


C 2 H4/HAC/H 2 0 ftm 


86/13.4/0.6 


86/13.4/0,0 


86/13.4/0.6 


C2H4/HAC ^Jtfc 


13.7 


13.7 


13.7 


£ifc*>^*r m 1 6 (DJftSO : 






















HAC 


71 


OH 


60 
















EtAc 




95.9 


91.2 


97.8 




EtOH 




0.7 


0.6 


0.5 




DEE 




2.3 


1.8 


1.3 








0,0 


0.0 


0.0 








0.8 


0.3 


0.3 








0.3 


0.1 


0.0 




EtAc 


68 


63 


59 




EtAc STY (g/Lcat/h) 


194 


183 


164 






100 


100 


100 






94 


89 


93 






100 


99 


99 




EJK* (%) 


53 


56 


62 





7-f\ U^y?^ /^>Xn-, ^ 
y K-^v- r^—^" 43# 



-20- 



